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We Can Do More!!!

4 N
Prevent acute
r N , ,
symptomatic malaria
. At least y
3 billion people - ~
at risk! Protect Migrant Worker
3 : from low endemicity or
4 ) ' L malaria free areas y
Estimated -
435 000 deaths ( )
worldwide Cover for one week
(Ideally one month)
4 ) \. J
61% deaths
occur in children One or more cases in 2017 Certified malaria free since 2000
<5 years Zero cases in 2017 No malaria
\_ J Zero cases (23 years) in 2017 Not applicable

Figure from the world malaria report 2018 of the WHO: http://www.who.int/malaria/publications/world-malaria-report-2018/report/en/

Phillips, M. A. et al. (2017) Malaria
Nat. Rev. Dis. Primers doi:10.1038/nrdp.2017.50

2 1. WHO Malaria Fact Sheet, updated November 2018. MMV .‘ N

Medicines for Malaria Venture


http://www.who.int/malaria/publications/world-malaria-report-2018/report/en/

Parasite Life Cycle

UMAN BLOOD STAGE

8 DAYS

{ HUMAN LIVER-STAGE

1 HOUR 5-7 DAYS

I =

I - - | —

Blood stage:
* Symptomatic
* Blood Measurement

Liver stagé:
* Asymptomatic
e No Measurement
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Parasite Life Cycle

{ HUMAN LIVER-STAGE IHUMAN BLOOD STAGE

1 HOUR 5-7 DAYS = 8 DAYS

Blood stage:
* Symptomatic
* Blood Measurement

Liver stagé: -
* Asymptomatic
* No Measurement
Bottleneck and first stage of human infection
— Attractive target for prophylaxis
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Can a PKPD model for liver stage be developed to support
clinical study design & dose selection for Phase I1?
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Volunteer Infection Study (VIS) Models

' VIS Models |
|

Induced Blood Stage

Sporozoite

Induced Malaria

: ) Malaria infection
infection

Liver Stage Blood Stage
infection infection
Evaluation of Chemoprotective Evaluation of Curative
Properties in Phase Ib Properties in Phaselb
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Type of Data

LIVER STAGE BLOOD STAGE

Study Volunteer Infection Study (VIS)
IV inoculation of IV inoculation of
Route of Infection Sporozoites Infected Red Blood Cells
(Parasite Form in Mosquito Salavia) (iRBC)
. . Not Measurable in Directly Measurable
Parasite Dynamic Human (Blood Sampling)
. . Indirect Observation Directly M rabl
Drug ACthlty ecClly Measurabple

via Blood Stage (Blood Sampling)
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Model Overview

GR, GR,
:éﬁ? —p|  Liver ~5-7 days | Blood
Infection Stage Tryp Stage
TDrug Effect on TDrug Effect on
Liver Stage Blood Stage
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Model Overview

GR, GR,
R Liver | _~>7days ;]  Blood
Infection Stage Trip Stage
TDrug Effect on TDrug Effect on
Liver Stage Blood Stage
i P, + (GR, — Kill;(C)) — Tryp with _ ~10 fort<eéd
dt TrLB(t) o kLBPL _t—6day - kLBPL fort > 6d
1+e Ot

dPg ]
W:PB*(GRB_KI'IIB(C))-FTTLB & PL(t= O) =777
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Blood Stage

GR,

Blood
Stage

TDrug Effect on
Blood Stage

dP
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Infected RBC (iRBC) are
injected to volunteers.

Parasite growth in the
blood for 7/8 days prior
treatment with DSM265.

Clearance of the parasite,
potentially followed by a
recrudescence.

Parasitemia [p/mL]

Clinical Data

Blood
Parasitemia

Drug Effect on
Blood Stage
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Infected RBC (iRBC) are
injected to volunteers.

Parasite growth in the
blood for 7/8 days prior
treatment with DSM265.

Clearance of the parasite,
potentially followed by a
recrudescence.

Clinical Data

Blood
Parasitemia

Drug Effect on
Blood Stage
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Infected RBC (iRBC) are
injected to volunteers.

Parasite growth in the
blood for 7/8 days prior
treatment with DSM265.

Clearance of the parasite,
potentially followed by a
recrudescence.

Clinical Data
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Infected RBC (iRBC) are
injected to volunteers.

Parasite growth in the
blood for 7/8 days prior
treatment with DSM265.

Clearance of the parasite,

potentially followed by a
recrudescence.

Parasitemia [p/mL]

1e+01

Clinical Data

150mg of
DSM265

Blood
Parasitemia

Drug Effect on
Blood Stage
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Infected RBC (iRBC) are
injected to volunteers.

Parasite growth in the
blood for 7/8 days prior
treatment with DSM265.

Clearance of the parasite,
potentially followed by a
recrudescence.

1e+05-

1e+03

Parasitemia [p/mL]

1e+01

Clinical Data

Blood
Parasitemia

Drug Effect on
Blood Stage
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Time [day]

MMV@ @ O:

Medicines for Malaria Venture



Clinical Data

Blood
Parasitemia

Drug Effect on
Blood Stage

= Infected RBC (iRBC) are
injected to volunteers. 1e+057

= Parasite growth in the
blood for 7/8 days prior
treatment with DSM265. =603

= (learance of the parasite,
potentially followed by a
recrudescence.

Parasitemia [p/mL]

1e+01

12 16 20
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= All PD parameters can be
identified.

" eg E__ -model:

max

EmaxCY

Kill = —5——
EcY +CY
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PKPD modelling

1e+091
1e+04+

1e-011

1e-11

Parasitemia [p/mL]

Subject 1 Subject 2

LLOQ=10p/mL
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Subject 3 Subject 4

1e+09

1e+041

LLOQ=10p/mL

1e-014

1e-06

1e-11-

0 10 20 0 10
Time [days]

20

Blood
Parasitemia

Drug Effect on
Blood Stage

Treatment

- 150mgDSM265
400mgDSM265

Prediction

— Individual
== Population
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Parasite Growth in Liver Stage?

GR,

% — Liver
Infection Stage

What we want to
describe, but no
measurements
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Parasite Growth in Liver Stage?

S —p|  Liver ~>7days 7| Blood
Infection Stage Trop Stage
What we want to " i

describe, but no easure

& well-described
measurements
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Whatis known?

Liver
Parasitemia

Liver ~5-7 days
Stage Post-Infection

Infection

1. Each invaded hepatocytes
releases 10,000 to 50,000
parasites into the blood.

20 MMV @@ D'
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Whatis known?

Liver
Parasitemia

Liver ~5-7 days
Iﬁ%éction Stage Post-Infection

1. Each invaded hepatocytes
releases 10,000 to 50,000
parasites into the blood.

2. The liver stage lasts 5-7 days.
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Whatis known?

Liver
Parasitemia

. —— Liver ~5-7 days
Infe ction Stage Post-Infection

1. Each invaded hepatocytes
releases 10,000 to 50,000
parasites into the blood.

2. The liver stage lasts 5-7 days.

Assuming exponential growth:
GR,~ 0.072 hr!
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Whatis known?

Liver
Parasitemia

e S Liver ~5-7 days
Iﬁ%;ction Stage Post-Infection
1. Each invaded hepatocytes 3. Inaliver-stage VIS, 3200
releases 10,000 to 50,000 parasites are injected.

parasites into the blood.

2. The liver stage lasts 5-7 days.

Assuming exponential growth:
GR,~ 0.072 hr!
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Whatis known?

Liver
Parasitemia

Liver ~5-7 days
Stage Post-Infection

Infection

1. Each invaded hepatocytes 3. Inaliver-stage VIS, 3200
releases 10,000 to 50,000 parasites are injected.

parasites into the blood.
= But how many hepatocytes were

2. The liver stage lasts 5-7 days. actually infected ?

Assuming exponential growth:
GR,~ 0.072 hr!
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Whatis known?

Liver
Parasitemia

Liver ~5-7 days
Stage Post-Infection

Infection

1. Each invaded hepatocytes 3. Inaliver-stage VIS, 3200
releases 10,000 to 50,000 parasites are injected.
parasites into the blood.

= But how many hepatocytes were

2. The liver stage lasts 5-7 days. actually infected ?

Assuming exponential growth: Parameter to be estimated:
GR,~ 0.072 hr! Infected Fraction ),

MMV@ @ O:
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" Volunteers are inoculated
with 3,200 parasites.

" First appearance of parasite
in blood after day 6 post-
inoculation
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Clinical Data

Liver
Parasitemia

10000+

—
o
o
o

Parasitemia [p/mL]

100+

Parasite IV
Inoculation

LLOQ=20p/mL

Subject #

- Placebo 1
== Placebo 2
- Placebo 3

0 3 6

Time [day]
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Initial Parasitemia Identifiability

=
-E 1e+05-
>
(o]
O
(5}
. . = 1e+03
"  From the model, estimation of o
0 o
F,~0.12%. B 1es01]
)

®  Which corresponds to ~4
infected hepatocytes.

Parasitemia [p/mL]
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Time [days]

1e+05-

1e+03+

1e+01+

Time [days]

Liver
Parasitemia

Prediction

= Individual
=+ Population

Prediction

— Individual
== Population
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Drug Activity in Liver Stage?

GR, GR,
4 4
J # —p|  Liver ~5-7 days | Blood
Infection Stage Trip Stage
TDrug Effect on TDrug Effect on
Liver Stage Blood Stage v/
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Drug Activity in Liver Stage?

GR, GRg

v v

J # —p|  Liver ~5-7 days | Blood

Infection Stage Trip Stage
TDrug Effect on TDrug Effect on
I Liver Stage Blood Stage v/

Last piece of
the puzzle
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o Liver ~5-7 days
Infection Stage Trp

TDrug Effect on
Liver Stage

1. DSM265 does not affect the duration of the liver stage.

2. DSMZ265 has identical mode of action in blood and in liver stage.

= E, _.and hill coefficients are assumed to be equal between the two stages
30 MMV@ @ D:
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Clinical Data

Liver
Parasitemia

Drug Effect on
Liver Stage

" Two Placebo Treatment = 400mg of DSM265 Three Days Pre-Infection -® Placebo
= Six volunteers were 1e+05-
administered 400mg
DSM265 three days £ 1e+04- Parasite IV
. . . 2 Inoculation
prior infection. ©
£ 1e+03-
."5
o
L 1e+02-
LLOQ=20p/mL
1e+01 - = e
24 28
Time [da
Dose [ y]
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ECy,; estimated to be

6540ng/mL

(EC5y5=830ng/mL)
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PD Parameters Identifiable

= 1e+031

Liver Parasite Count [#]

1e+07-

Parasitemia [p/mL]
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0
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Liver
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Drug Effect on
Liver Stage

Prediction

= Individual
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Prediction

— Individual
== Population
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Model Validation

" Model-based prediction of success rate compared to observation
Percentage of patients malaria-free at Day 28

1004 ®
75
9
©
14 .
w 207 @ Observation
$ ® Prediction
8 ¢
=]
%) 9
25+
®
0_
-7 If)ay -3 Day -1 bay

Administration Day
33
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Conclusion

L
00
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Conclusion

" Focus was to work on each stage of the life cycle:
= The blood stage is well characterize (growth and drug activity).
= Understanding the liver dynamic is key (required assumptions)

= A PKPD model was able to be derived:

= Despite the lack of direct measurements at liver stage

= Can support dose selection for chemoprotection.

Perspectives:
— Sensitivity analysis on the assumptions

— Simulation accounting for adherence
— Different transfer function (eg transfer more distributed over time)

— Integrate knowledge from future /n vivo studies —
35 MMV ):
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MMV Disclaimer

This presentation contains certain forward-looking statements that may be identified by
words such as ‘believes’, ‘expects’, ‘anticipates’, ‘projects’, ‘intends’, ‘should’, ‘seeks’,
‘estimates’, ‘future’ or similar expressions, or by discussion of, among other things, vision,
strategy, goals, plans, or intentions. It contains hypothetical future product target profiles,
development timelines and approval/launch dates, positioning statements, claims and
actions for which the relevant data may still have to be established. Stated or implied
strategies and action items may be implemented only upon receipt of approvals including,
but not limited to, local institutional review board approvals, local regulatory approvals, and
following local laws and regulations. Thus, actual results, performances or events may differ
from those expressed or implied by such statements.

We ask you not to rely unduly on these statements. Such forward-looking statements reflect
the current views of Medicines for Malaria Venture (MMV) and its partner(s) regarding future
events, and involve known and unknown risks and uncertainties.

MMV accepts no liability for the information presented here, nor for the consequences of any
actions taken on the basis of this information. Furthermore, MMV accepts no liability for the
decisions made by its pharmaceutical partner(s), the impact of any of their decisions, their
earnings and their financial status.
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Blood Stage: PKPD modelling

= PD parameters estimation

m suect1  Subea?
kys (1/hr)  0.068
max,B (1/hr) 0-186 4‘.5% 1E+O4’. > Naps - L L EOE:]O_P{IT:L_ i . _|_|_o.(3—1uE,:m|_
| e
ECsop (ng/mL) 830  6.6% e
_EI 1e-061 Treatment
& & ’ X = ‘ -+ 150mgDSM265
PL 3.23 8.69 3 1e-11 -+ 400mgDSM265
base () ' 6% = Subject 3 Subject 4
2 Prediction
w 1e+099 16
o I | - Indwldugl
Q(E axp) 012  23.3% & 1er04- | - Population
S . . HA == Hog=itpiml || FU. o m o 10070
‘Q(PLbase) 0.94 229% 1e-01+
B(Eaxgs.Dose) 0.29 29% 1€-061
Error,y4 1.47 4.9% te-11l— " % - > -
Time [days]
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Probability of infection

Direct venous inoculation of Plasmodium

falciparum sporozoites for controlled human . .
malaria infection: a dose-finding trial in two > A blt Of math'

ehtEs , ° Py, probability of a sporozoite to

infect a hepatocyte

* Probability of infection when 800

1 spz are injected to volunteers is
77%

0.754 . . . . . .
5 * Assuming binomial distribution:
k3] .
£ P(Infection |[n = 800 )
20.50— _ _ 800
= - inf—l_(l_pspz)
2 ° — 0
& Therefore pg,, = 0.17%

0.00+

(I) 10‘00 2(.‘:0(] 3(}'00
PfSPZ dose
i Modeleirates e epreseme 2t bk In anl e 55 conicnce ol 20 gy bt e MMV@ @ O:

Medicines for Malaria Venture



Number of Infected Hepatocytes

» Number of injected SPZ: » Percent of SPZ reaching the

-
liver:
n
An estimation of the number of malaria sporozoites ejected by a feeding Chronicle of a death foretold: Plasmodium liver stage parasites
mosquito decide on the fate of the host cell
Stefanie Graewe', Rebecca R. Stanwayz, Annika Rennenberg3 & Volker T. Heussler?

Ronald Rmnberg 3 Robert A. wml Imogene s':hnelder and Robert Blll'!ez Dep“m‘s Of 'Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany; Institute of Cell Biology, University of Bern, Bern, Switzerland; and *Astra
Entomology and Biometrics, Walter Reed Army Institute of Research, Washingon, DC, USA GrbH, Hamburg, Germany

The phenomenon of transmigration is discussed in detail
Table, Median values (and ranges) for salivating, infective Anopheles stephensi

below. Surprisingly, only a portion of the injected spor-

Values® Lower” (n=47) All (n=93) Higher® (n=46)

Volume 642 (56-1424) 1453 (5624288 4795 (1482-24288 1 0 . p - ; -

Gland 8740 (100-52109) 81701§10§__9170€9)s4) 77103%354_105934% ozoites (c. 35%) enters a blood vessel and is carried by
g;:?dg]amd (g-%n) g(-ms)z J o the bloodstream to the next destination, the liver (Fig. 1).
ject= - -1 0-20

A considerable number (c. 15%) ends up not in blood

*Values tabulated: Volume=number of arbitrary units of saliva expelled; Gland=number of sporozoites in salivary

glands; Eject=number_of sporozoites ejected; Eject/gland=median number ejected/median number of . .

poroucite in glands; Bject=0, proportion of mosquitoes ciecting o sporozoies but in lymph vessels, which are a dead end for the
olumes <14

“Volumes >1453. parasite. An even bigger portion of sporozoites (c. 50%)

does not leave the skin tissue at all. Interestingly, it has
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